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Nonmelanoma skin cancer (NMSC) is the most common form of cancer in the Caucasian population, with squamous cell car-
cinoma (SCC) accounting for the majority of NMSC-related metastases and death. While most SCC lesions are indolent tumors
withlowmalignantpotential, a widediversityofSCC subtypes exist, severalof whichare associatedwithmarkedlymoreaggressive
behaviors. Distinguishing these high-risk variants from their counterparts is possible through microscopic analysis, since each
subtype possesses unique histopathological features. Early identiﬁcation of high-risk lesions can allow for more rapid therapeutic
intervention,reducing thelikelihoodofmetastasisanddeath.Theauthorsreview speciﬁc histopathologicalfeatures andassociated
clinical outcomes of the primary subdivisions of SCC.
1.Introduction
Nonmelanoma skin cancer (NMSC) is the most common
form of cancer seen in the Caucasian population [1]. The
term NMSC can theoretically be applied to all cutaneous
cancers excluding melanoma, however, it is most commonly
used to refer to the two major types of skin cancers: basal cell
carcinoma (BCC), and cutaneous squamous cell carcinoma
(SCC). Together these forms account for over 95% of all
NMSC, with SCC accounting for approximately 20% of all
cutaneousmalignancies [2,3].Despitetheirlowerfrequency,
SCCs account for the majority of NMSC-related metastatic
disease and death, and are reported to be within the top ﬁve
mostcostlycancersintheUnitedStates(US)[4].Studiesalso
conﬁrm a dramatic increase in the incidence of SCC over the
past several decades [5], which can be attributed to, amongst
other things, an increase in sun exposure, intensifying UV
exposure, the advancing age of the US population, enhanced
public awareness of skin cancer, and more frequent skin
examinations by physicians [5].
While numerous subtypes of BCC have been described
according to their microscopic appearance, most of these
variants will demonstrate little signiﬁcant diﬀerence in
biological behaviors, with minimal competence for distant
spread. In contrast, there exists a wide histopathologic
diversity of SCCs, many of which are associated with
markedly diﬀerent clinical behaviors. These can range from
indolenttumorswithlowmetastaticpotential,toremarkably
aggressive tumors with high invasive potential [6–9]. The
ability to distinguish between these variants microscopically
is thus critically important in the clinical diagnosis and
treatment of SCC, with early treatment of high-risk tumors
resulting in better patient outcomes with a lower risk of
tumor metastasis and recurrence [4, 10].
The purpose of this review is thus two fold. First,
we aim to provide a clear and comprehensive means of
discriminating between various SCC lesions on the basis of
intrinsic diﬀerencesin theirhistopathology.This will include
a detailed description of the unique histopathological fea-
tures pertaining to each SCC subtype, highlighting the often
subtle diﬀerences which can be used in their distinction.
More speciﬁcally, our descriptive analysis can be loosely
organized into three separate categories and will encompass:
actinic or solar keratoses (AKs) and SCC in situ (Bowen’s
disease), common precursors to SCC formation seen as
a direct result of excess sun exposure; invasive SCC (SCCI),2 Journal of Skin Cancer
clear-cellSCC,spindlecell(sarcomatoid)SCC,andSCCwith
single cell inﬁltrates, tumor subtypes which emerge from
the invasive progression of the aforementioned lesions; de
novo SCC, lymphoepithelioma-like carcinoma of the skin
(LELCS),and verrucouscarcinoma (VC), highly uncommon
SCC variants with no direct correlation to sun exposure or
actinicprecursors. Whilethereare undoubtedlyseveralother
raresubtypesofSCCandsquamoidneoplasmswhich wewill
not be addressing directly, the vast majority of commonly
seen SCCs can be incorporated into one of the categories
mentioned above.
Thesecondaimofthispaperistohighlightthosevariants
of SCC with the greatest malignant potential, considered to
be high-risk SCCs. This will facilitate the clinician in making
am o r ee ﬃcient and better informed selection of treatment
options, thus ensuring the most appropriate and eﬀective
care for the patient.
2.ActinicKeratosis(AK)
AKs are widely accepted as precancerous lesions which act
as precursors to SCC formation. They develop as the result
of excess UV damage on sun-exposed surfaces of the body,
including the face, neck, dorsal hands, and forearms, upper
chest, back, and scalp [7, 9, 11, 12] .T h e ya r em o r el i k e l yt o
arise in the Type 1 and Type 2 skin populations, comprised
of fair-skinned individuals with a high propensity to burn.
Since the incidence of these tumors is directly correlated to
sun exposure, they will generally present in middle-aged or
older individuals. They can, however, occasionally be found
in younger individuals, particularly in those who are more
likely to accrue UV damage due to predisposing factors such
as immune suppression [12]. Recently, there has been an
increasing trend of AKs presenting in younger patients, due
in large part toelevated and prolongedlevelsofsun exposure
[13].
Clinically, AKs will manifest as ill-marginated, ery-
thematous, scaling, and rough papules or patches. These
will typically be found in areas displaying other signs of
solar damage, such as atrophy, uneven pigmentation, and
telangiectasias [14]. Lesions are further associated with
three possible clinical outcomes, which include spontaneous
regression, persistence as a benign AK, or evolution into
an invasive SCC (SCCI) [15]. Although the overwhelming
majority of SCCs are found to be associated with AKs [16],
theselesionsaregenerallyconsideredtohavealowmalignant
potential, with only 5%–10% progressing to SCCI over the
next several years [17].
Histopathologically, several diﬀerent variants of AKs
have beenidentiﬁed, includinghypertrophic, atrophic, acan-
tholytic, pigmented, proliferative, and Bowenoid subtypes.
In general, the hypertrophic and proliferative variants are
associated with more aggressive biologic behaviors and have
a higher malignant potential [7, 9, 18, 19].
By deﬁnition, AKs are conﬁned to foci within the epi-
dermis. They are associated with aggregates of atypical,pleo-
morphic keratinocytes which show nuclear atypia, dysker-
atosis, and loss of polarity. Hyperkeratosis and parakeratosis
are often seen, the latter overlying the abnormal cells in the
epidermis. Due to the sparing ofs e g m e n t so ft h ee p i t h e l i u m
overlying adnexal structures, a characteristic pattern of
alternating orthokeratosis and parakeratosis, referred to as
the “ﬂag-sign,” can often be seen (Figure 1(a))[ 20]. Atypical
keratinocytes from the basal cell layer will frequently extend
into the granular and corniﬁed layers, however, they will
not span the full thickness of the epidermis (Figure 1(b))
[20, 21]. The exception to this criterion is the Bowenoid
variant of AK, which resembles Bowen’s disease but is less
disordered with less nuclear atypia and crowding [9]. The
basal layer in AKs will often appear to be more basophilic
than normal, which is generally thought to be a consequence
of the close crowding of atypical keratinocytes (Figure 1(b)).
Some cases will also show basal layer degeneration and the
formationofCivattebodies,theresultofalichenoidinﬁltrate
with irregular acanthosis. This can be distinguished from
lichenoid dermatitis by the presence of keratinocyte atypia
[22].
The dermoepidermal junction in AKs will also show
irregularities, with small round buds at the basal cell layer
that will protrude slightly into the upper papillary dermis
(Figure 1(c)). There is almost always an associated solar
elastosis in the dermis, and a lack thereof can often be
suﬃcient to prompt reconsideration of the diagnosis.
3.SquamousCellCarcinomaIn Situ
(SCCS)/Bowen’sDisease
Bowen’s disease was ﬁrst described by Bowen in 1912 [23],
andisessentiallyequivalenttoandusedinterchangeablywith
the term squamous cell carcinoma in situ (SCCS). Although
it can present in individuals of any age, it is typically found
in elderly patients, with a mean ageofdiagnosis exceeding 60
years [24]. Presentation in individuals under 30 years of age
is extremely rare.
Bowen’s disease may arise on the skin of any body site:
however, the vast majority of cases (approximately 72%)
are found on sun-exposed surfaces such as the head, neck,
and hands [25]. Mucosal surfaces and the nail bed are also
commonly involved. Only in rare circumstances will SCCS
be found on the palms of the hand or the soles of the feet
[26]. Bowen’s disease often presents as an asymptomatic,
erythematous, well-demarcated, scaly patch or plaque. It
tends to be slowly enlarging, and usually has a fairly irregular
border.Lesionsmaybecomehyperkeratotic,crusted,ﬁssured
or ulcerated, and can occasionally be pigmented, especially
when found in the genital region and the nails [26].
Bowen’s disease can be considered a low-grade form
of SCC, with the majority of studies reporting the risk
of progression to SCCI at 3%–5%. The risk of invasive
development is estimated to be slightly higher (approxi-
mately 10%) for genital Bowen’s disease, also known as
erythroplasia of Queyrat [27]. Despite the low incidence
of malignant progression, Bowen’s disease is of signiﬁcant
consequence since approximately 20% of the tumors that
do develop into SCCI will eventually become metastatic
[28]. The association of Bowen’s disease with other formsJournal of Skin Cancer 3
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Figure 1: Actinic keratosis (AK). (a) One of the ﬁrst clues to the diagnosis of AK at scanning magniﬁcation is the discontinuity of the
parakeratosis as the dysplastic process spares adnexal structures. Note the lack of parakeratosis over the sebaceous gland. This specimen
also demonstrates dense dermal elastosis (40x). (b) Example of an early AK with keratinocyte dysplasia conﬁned to the lower third of the
epidermis (200x). (c) A more established lesion of AK demonstrating nearly full thickness keratinocyte dysplasia and prominent budding of
the basal layer into the superﬁcial dermis (200x).
of malignancy such as internal cancers is a highly contro-
versial subject and continues to be an area of active research
[29].
Histopathologically, the epidermis in Bowen’s disease
will show hyperkeratosis and parakeratosis. There will also
be marked acanthosis with elongation and thickening of
the rete ridges. These changes will overly keratinocytic cells
which are often highly atypical and may in fact have a more
unusual appearance than SCCI (Figure 2(a)). The atypia
spans the full thickness of the epidermis, with the ker-
atinocytes demonstrating intense mitotic activity, pleomor-
phism, and greatly enlarged nuclei. They will also show a loss
of maturity and polarity, giving the epidermis a disordered
or “windblown” appearance. Two types of multinucleated
cells may be seen: the ﬁrst will present as a multinucleated
giant cell, and the second will appear as a dyskeratotic cell
engulfed in the cytoplasm of a keratinocyte [25]. Occasion-
ally, cells of the upper epidermis will undergo vacuoliza-
tion, demonstrating an abundant and strongly eosinophilic
cytoplasm.
In contrast to AK’s, the basal epidermal layer in Bowen’s
disease is frequently spared, and will show little to no
visible atypia. Additionally, Bowen’s disease will almost
always involve both the interfollicular and adjacent follicular
epithelium and adnexal structures [8]. The dermoepidermal
junction will remain sharp and intact (Figure 2(b)), and
there may be a mild to moderate lymphohistiocytic inﬁltrate
detected in the upper dermis.
4.Invasive SquamousCellCarcinoma(SCCI)
The overwhelming majority of SCCIs (approximately 97%)
are found in association with the malignant progression of
an AK,andaccordinglythesetwolesions areoftenthoughtof
as diﬀerent points along the same spectrum of disease [30].
SCCIs are often referred to as conventional SCCs.
Histopathologically, SCCIs will frequently bear close
resemblance to their precursor AK lesions, but can be
distinguished from the latter via the presence of inﬁltrative
cells passing through the basement membrane into the
dermis (Figure 3)[ 6, 14]. This inﬁltrate can be somewhat
diﬃcult to detect in the early stages of invasion: however,
additional indicators such as full thickness epidermal atypia
and the involvement of hair follicles can be used to facilitate
the diagnosis [31]. Later stages of invasion are characterized
by the formation of nests of atypical tumor cells in the
dermis (Figure 4), often with a corresponding inﬂammatory
inﬁltrate.
Additionally, SCCIs can be subdivided into three broad
histologic grades based on their associated degree of nuclear
atypia and keratinization. The majority of SCCI’s arising
f r o mA K sw i l lb ew e l ld i ﬀerentiated, with tumor cells
containing only slightly enlarged, hyperchromatic nuclei
with abundant amounts of cytoplasm. They will often
produce large amounts of keratin, resulting in the formation
of extracellular keratin pearls (Figure 4(a)). Intercellular
bridges will frequently be visible. These tumors are generally4 Journal of Skin Cancer
(a) (b)
Figure 2: Squamous cell carcinoma in situ (SCCS)/Bowen’s disease. (a) There is prominent dyskeratosis and aberrant mitoses at all levels of
the epidermis, along with marked parakeratosis (100x). (b) Note, however, that the basement membrane remains intact (400x).
(a) (b)
Figure 3: Superﬁcially invasive squamous cell carcinoma (SCCSI). (a) These lesions often do not show the marked pleomorphism
and atypical nuclei of in situ squamous cell carcinoma, but demonstrate early keratinocyte invasion of the dermis (150x). (b) Higher
magniﬁcation demonstrates the pleomorphism of the invading keratinocytes (200x).
associated with a very low-malignant potential, with the
likelihood of metastasis being approximately 0.5% [12]. In
contrast, SCCI can also present as a poorly diﬀerentiated
tumor with greatly enlarged, pleomorphic nuclei demon-
strating a high degree ofatypia and frequent mitoses. Keratin
production in these cells will be markedly reduced. This
speciﬁc subtype of SCCI occurs much less commonly, and
is typically associated with hypertrophic or proliferative AKs
found on the ear and lip [32]. It will usually demonstrate a
much more aggressive clinical behavior, with an increased
rate of metastasis and recurrence [33]. A third, moderately
diﬀerentiated subtype exists which will share features of
both well-diﬀerentiated and poorly diﬀerentiated tumors
(Figure 4(b)).
5.Clear-CellSCC
Clear-cell SCC is an extremely rare variant of SCC. It is
commonly referred to as hydropic SCC due to the extensive
hydropic degeneration of neoplastic cells, and the accumu-
lation of intracellular ﬂuid. It was ﬁrst described by Kuo
in 1980 [34], who reported six cases occurring in the head
and neck region of elderly Caucasian males with histories
of excessive sun exposure. Clinically, the lesions appear as
nodules or ulcerated masses, and can easily be confused
with sebaceous neoplasms, pilar tumors, and trichilemmal
carcinomas.
Histopathologically, Kuo [34] subdivided clear-cell SCC
into 3 diﬀerent categories: keratinizing (Type I), nonker-
atinizing (Type II), and pleomorphic (Type III). Type I
lesions are characterized as sheets or islands of tumor
cells with clear, empty-appearing cytoplasm (Figure 5(a)).
Cytoplasmic growth will displace cell nuclei to the periphery,
causing these cells to be indistinguishable from regular mat-
ure adipocytes. Some cells will have a “bubbled”cytoplasmic
appearance, leading them to resemble sebaceous neoplasms.
The former can be distinguished from the latter through
the additional presence of foci of keratinization and keratin
pearls(Figure 5(b)).Thesurroundingstromawillbeﬁbrotic,
with a sparse inﬂammatory inﬁltrate. Type II lesions are
predominantly dermal in origin, with no clear connection to
the overlying epidermis. They are characterized by parallelJournal of Skin Cancer 5
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Figure 4: Invasive squamous cell carcinoma (SCCI). (a) Well-diﬀerentiated lesions show prominent keratinization and may form “pearl-
like” structures where dermal nests of keratinocytes attempt to mature in a layered fashion (40x). (b) Moderately diﬀerentiated lesions of
SCCI show much less organization and maturationwith signiﬁcantly less keratin formation(40x).
(a) (b)
Figure 5: Clear-cell squamous cell carcinoma. (a) In this poorly diﬀerentiated example, attempts at keratinization are often no longer
evident. The dysplastic cells here inﬁltrate in cords through the dermis (200x). (b) Unless other areas of the tumor show obvious squamous
cell features such as seen here (arrow), immunostainswill likely be required to classify this tumor (200x).
or anastomosing cords of tumor cells separated by a com-
pressed, ﬁbrotic stroma with a dense inﬂammatory inﬁltrate.
Tumor cells will have central nuclei with a ﬁnely reticulated
clear cytoplasm, and evidence of central necrosis within
tumor cords may be present. Ductal or glandular diﬀeren-
tiation does not occur, and unlike Type I there is no kera-
tinization.TypeIIIlesionsarise fromtheepidermisandshow
extensive ulceration. Atypical clear-cells display marked
nuclear pleomorphism, with foci of squamous diﬀerentia-
tion, areas of acantholysis, and the presence of dyskeratotic
cells within pseudoglandular spaces. Perineural and vascular
space will show considerable invasion. Of importance to
note is that in all three types described above, there is no
evidenceofeitherglycogenormucinfoundwithin thetumor
cells, and only trace amounts of lipid. This is consistent
with the hypothesis that clear-cell changes are degenerative
[34].
Clear-cell SCC can resemble a variety ofboth benign and
malignant entities such as clear-cell acanthoma, trichilem-
moma, sebaceous neoplasms, and metastatic renal cell carci-
noma.Itcanbestbedistinguishedfromthesethroughtheuse
ofroutinehistologyandimmunohistochemicalmarkerssuch
as EMA, which will stain positively in sebaceous carcinoma
[35], and metastatic renal cell carcinoma. Since it is found
so rarely in the population, it is diﬃcult to ascertain the
malignant potential of this variant.
6.SpindleCell(Sarcomatoid)SCC
Spindle cell SCC, also known as sarcomatoid SCC, is a rare
variant of squamous cell that was ﬁrst described by Martin
and Stewart in 1935 [36]. It almost always occurs on areas
of the skin with high levels of sun exposure, such as the
head, neck, chest, and upper extremities, but can also occur
in patients with histories of prior radiation exposure. While
in the past this variant was thought to be primarily radiation
induced,it isnow knownthatit canarise denovoaswell [36].
Those cases of spindle cell SCC that arise in sites of previous
radiation tend to have a very aggressive course whereas those
that are unrelated to radiation tend to be no more aggressive
than conventional SCC. Clinically, spindle cell SCC will
present predominantly in elderly Caucasian males as a raised
or exophytic nodule, often with spontaneous bleeding and
central ulceration.6 Journal of Skin Cancer
Histopathologically, spindle cell SCC may be almost
entirely composed of atypical spindle cells arranged in a
whorled pattern (Figure 6(a)), or may have a combination
of spindle cells and more conventional SCC cells, often with
an associated AK [37]. Unlike conventional SCC, however,
tumor cells will singly inﬁltrate the dermis without the
formation of nests or cords. Connection to the overlying
epidermis can vary. Bizarre pleomorphic giant cells, as well
as heterologous elements with numerous mitotic ﬁgures
can be identiﬁed, often with deep inﬁltration into the
dermis, subcutis, fascia, muscle, and even occasionally
bone. The stroma, however, should not be signiﬁcantly
desmoplastic.
In the absence of keratin pearls and connection to the
epidermis, spindle cell SCC can be diﬃcult to distinguish
from conditions such as atypical ﬁbroxanthoma, spindle cell
melanoma, or spindle cell sarcoma. In these cases, the use
of immunohistochemical (IHC) stains can prove extremely
useful for the diagnosis. Spindle cell SCC will stain positively
for high molecular-weight cytokeratins such as CK 5/6,
a sw e l lf o rE M Aa n t i b o d i e s .I tw i l la l s ov a r i a b l ys t a i nf o r
vimentin [9]. Recently p63, a member of the p53 gene
family expressed in the nuclei of basal and spinous cells
of the epidermis, has been found to be a useful nuclear
marker in the diﬀerentiation of spindle cell SCC from other
histologically similar conditions (Figure 6(a))[ 38].
7.SCCwithSingle CellInﬁltrates
A relatively rare variant of SCC is one which displays single
cell inﬁltrates. This variant is generally found on the face
and neck of older individuals, and is thought to be more
aggressive on average than conventional SCC [39]. This
may, in part, be due to the singular nature of the cellular
atypia, which can allow for the lesions to frequently go
unnoticed or misdiagnosed. The lack of an appropriate and
timely response may lead to a higher rate of metastasis and
recurrence.
Histopathologically, single-cell SCC is composed almost
entirely of singular atypical cells, which exist either individ-
ually or loosely arranged as nests in the dermis. There is
an overall lack of cohesiveness amongst atypical cells, and
usually no connection to the overlying epidermis or adnexal
structures. Often they are found in regions displaying large
amounts of solar elastosis. This variant is incredibly diﬃcult
to diagnose since single cells can often be obscured by
an adjacent inﬂammatory inﬁltrate, and can occasionally
resemble spindle cell melanoma or atypical ﬁbroxanthomas
[39].The mosteﬀectivemeans ofdiagnosingthisrare variant
is through the use of immunohistochemical staining, in
particular, the p63 nuclear maker, as well as the cytokeratin
antibody stain MNF116 [39]. Speciﬁcally, p63 will help
i n d i c a t et h ed e g r e eo fe p i t h e l i a ld i ﬀerentiation [38], while
MNF116 has been shown to stain cytokeratin expressed
strictly in cutaneous tumors as opposed to mesenchymal or
melanocytic lesions [40]. Both these stains also have high
sensitivities, allowing for eﬀective staining of even poorly
diﬀerentiated tumors.
8.De Novo SCC
De novo SCC is a particularly aggressive variant of SCC
which lacks a precursor and will thus arise independently
on skin which has been chronically injured or diseased. It
is not correlated with sun exposure, nor will it show any
evidence of previous actinic lesions or SCCS. Generally,
de novo SCC will emerge in the setting of long-standing
ulcers, burn scars, or osteomyelitis. It can also be seen
in chronic inﬂammatory conditions such as discoid lupus
erythematosus and dystrophic epidermolysis bullosa [41–
44]. The tendency for malignancies to develop in burn scars
was ﬁrst described by Marjolin in 1827, and accordingly, are
referred to today as Marjolin’s ulcers [45].
Unlike conventional SCCs, which tend to occur on the
face,neck,hands,andothersun-damageproneareas,denovo
SCCs are most commonly found on the lower extremities,
where burn scars are more prevalent. Although females on
averagesustaina greaternumber ofburninjuriesthanmales,
there is a predilection for malignant scar development in
men, and de novo SCCs are signiﬁcantly more likely to be
found in males than in females [46]. They usually emerge
20 to 40 years after the original trauma occurred, and
will present clinically as nonhealing, exophytic growths or
indurated ulcers which have recently became painful and
may have a foul smelling discharge [46].
Histopathologically, de novo SCCs will resemble fairly
well-diﬀerentiated conventional SCCs, however, they will be
seen with an associated ulcer or scar rather than an actinic
keratosis (Figure 7). Additionally, they can be distinguished
from conventional SCCs via the absence of solar elastosis
in the dermis. Centrally, the lesion may be atrophic or
ulcerated, with invading strands of tumor cells appearing
from theepidermisorulceredge.These lesionsare extremely
aggressive, with the likelihood of regional lymph node
metastasis reaching as high as 54% [46]. The incidence of
recurrence is also dramatically increased, and the overall
prognosis is poor, with a 5-year survival rate of only
52%–75% [8]. Lesions of the lower extremities generally
have a greater metastatic potential and higher incidence of
recurrence than those found in other anatomic locations
such as the face and trunk [46].
9.VerrucousCarcinomas
Verrucous carcinoma (VC) is thought to be a relatively indo-
lent form of SCC that presents with bland, verrucous-like
features. It was ﬁrst described by Ackerman in 1948, and is
associated with both low-risk (types 6 and 11) and high-risk
(types 16 and 18) types of HPV [47]. Although Ackerman’s
report described a low-grade, well-diﬀerentiated tumor seen
in the oral cavity [48], VC has subsequently been seen on
several diﬀerentsites ofthe body, and iscurrently subdivided
into 4 main clinicopathologic categories based on the associ-
atedareaofinvolvement[49].Theseincludeoroaerodigestive
VC(alsoknownasAckermantumorororalﬂoridpapilloma-
tosis),anourogenitalVC (alsoknownasBuschke-Lowenstein
tumor), palmoplantar VC (also knownas epitheliomacunic-
ulatum), and VC found on other cutaneous sites.Journal of Skin Cancer 7
(a) (b)
Figure 6: Spindle cell (sarcomatoid) squamous cell carcinoma. (a) The keratinocyte derivation of this lesion cannot be identiﬁed with cer-
taintybasedsolelyonhistologyinthispoorlydiﬀerentiated tumor(100x).(b)Immunohistochemistryforp63identiﬁesthesquamousorigin
of the tumor (100x).
(a) (b)
Figure 7: Squamous cell carcinoma de novo arisingin a Marjolin’s ulcer. (a) These tumor are often well diﬀerentiated as seen here (20x). (b)
Note the dense scarring at the base of the tumor (40x).
Oroaerodigestive VC is thought to be the most common
form of VC and accounts for anywhere between 2%–12%
o fa l lo r a lc a r c i n o m a s[ 50]. It is generally seen in elderly
Caucasian males on the gingival and buccal mucosa, but has
been known to involve the larynx as well. Early lesions will
appear as white, translucent, keratotic patches found on an
erythematous base, and will subsequently develop into soft,
rubbery papillary growths with pebbly surfaces. Ulceration
and ﬁstulation are also commonly seen, with occasional
local invasion into soft tissue and bone. Oroaerodigestive VC
has strong positive associations with both low- and high-
risk HPV, with high-risk HPV presenting in up to 45% of
laryngeal VC cases [51]. It has also been linked to chemical
carcinogens such as chewing tobacco and snuﬀ [52], as well
as other conditions aﬀecting the oral mucosa such as lichen
planus, chronic candidiasis, leukoplakia, and chronic lupus
erythematosus [53].
Anourogenital VC is thought to account for approxi-
mately 5%–24% of all penile carcinomas [54], and typi-
cally presents on the glans penis and prepuce of middle-
aged uncircumcised males. It is only rarely found in the
female genital tract. Lesions will appear large, exophytic,
and cauliﬂower-like, with verrucous or ulcerated surfaces.
This variant of VC is most commonly associated with low-
risk HPV, with a positive correlation found in up to 50% of
cases, but it can be seen in association with high-risk types as
well [54].
Palmoplantar VC is generally found on the soles of
elderly Caucasian males, but may also be seen on the toes,
the heel, or the dorsum of the foot [55]. Lesions are often
initially mistaken for plantar warts, however, they tend to
slowly evolve into bulky exophytic masses with ulceration
and foul-smelling discharge. It is thought to be associated
loosely with the low-risk HPV types, but is also related to
trauma, chronicirritation, and otherformsofHPVinfection
[49].
VC lesions found on other cutaneous sites are rare
occurrences, and tend to appear as slow-growing warty or
cauliﬂower-like lesions with only weak associations to HPV
infections [49].
Despite these separate subclassiﬁcations, all four forms
of VC share a similar histopathological description. The
epithelium will generally display a characteristic endoex-
ophytic growth pattern, with a prominent granular layer8 Journal of Skin Cancer
(a) (b)
Figure 8:Verrucous carcinoma.(a)Scanningmagniﬁcationdemonstratesmassiveacanthosisandparakeratosis(40x).Highermagniﬁcation
highlights the broad pushing borders (100x).
(a) (b)
Figure 9: Lymphoepithelioma-like carcinoma. (a) This tumor is composed of large epithelioid cells with a marked lymphocytic inﬁltrate
(400x). (b) Immunohistochemistry for pancytokeratin demonstrates that the tumor cells are keratinocytes (600x).
showing marked hyperkeratosis and parakeratosis, as well
asacanthosisandpapillomatosis(Figure 8(a)).Keratinocytes
are often enlarged with prominent nuclei, but atypia is
otherwise minimal. The epidermis remains well diﬀerenti-
ated with obvious stratiﬁcation, and will demonstrate broad,
bulbous, rete-like projections which will descend deep into
the underlying dermis (Figure 8(b)). These will generally
be surrounded by a dense inﬂammatory inﬁltrate, and can
often result in the formation of sinuses and keratin-ﬁlled
cysts [47]. The projections have a remarkably indolent
appearance, and lack all the classical signs of invasion such
as cellular atypia and inﬁltration. Malignant changes are
therefore the result of compressive destruction rather than
invasion, and the margins of VC lesions will often show
aggressive borders which may extend into the adjacent
structures causing destruction of the local connective tissue,
muscle, cartilage, or bone [49].
Additionally, reports of “hybrid” tumors have been
described where lesions present with the characteristic
features of VC described above, but will also show focal
areas of invasive tumor cells which will behave in a similar
manner to conventional SCC [56, 57]. Arriving at the proper
diagnosis of SCC versus VC becomes clinically relevant since
SCC has a much higher likelihood of lymph node metastasis,
and usually requires an alternate treatment plan. The use
of immunohistochemical stains, speciﬁcally bcl-2, Ki-67,
and p53, are instrumental in this process. Only the basal
proliferating cells in the lower third of the epidermis will
stain in VC whereas the entire epidermis will stain positively
in SCC[58]. Based on the relative degree of staining, one can
distinguish between the two.
10.Lymphoepithelioma-LikeCarcinomaof
theSkin
Primary LELCS is a rare variant of SCC which was ﬁrst
described by Swanson et al. in 1988 [59]. Lesions occur on
the head and neck of elderly patients, with no signiﬁcant sex
predilection. They often present as slowly growing dermal
nodules, and will only rarely show signs of ulceration.
Histopathologically, islands or syncytial sheets of tumor
will be seen in the mid-to-deep dermis. These are composed
of large, pale, eosinophilic polyhedral cells, with vesicular
nuclei and prominent nucleoli (Figure 9(a)). The cells tend
to be cohesive and atypical, exhibiting numerous mitoses
and lacking any distinct cellular borders. Additionally, theJournal of Skin Cancer 9
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Figure 10: Poor prognostic factors. (a) Perineural invasion: the arrow indicates a large peripheral nerve that has been surrounded by tumor
cells (200x). (b) Vascular invasion: the arrow indicates a small cluster of atypical squamous cells in a small vessel (200x).
Table 1:Histologicaldiﬀerencesbetween low-gradeandhigh-grade
SCC.
Low-Grade SCC
Well to moderately diﬀerentiated: intercellular bridges and keratin
pearls
Tumor cells arranged in solid or sheet-like patterns
Association with solar damage and precursor actinic keratosis
Diameter less than 2cm
Depth less than 2mm
High-Grade SCC
Poorly diﬀerentiated: clear-cell, sarcomatoid,or single cell features
Presence of inﬁltrating individual tumor cells
Arising de novo or in site of prior injury (ulcer, burn scar, or
osteomyleitis)
Perineural and/or perivascular invasion
Diameter greater than 2cm
Depth greater than 2mm
presence of an immune inﬁltrate will be visible surrounding
the atypical aggregates, although the degree to which inﬁl-
tration occurs has been known to show marked variation.
For instance, while the immune response can be sparse
and peripherally located, it can also be extremely dense,
obscuring the nearby tumorcells. This inﬁltrate is composed
largely of plasma cells and small lymphocytes, however the
occasional neutrophil and eosinophil can also be found [59].
Even though squamous diﬀerentiation is not always
apparent in LELCS, it is still considered a form of
SCC since cells will show desmosomes and tonoﬁlaments
under electron microscopy [60]. Additionally, adnexal and
trichilemmal diﬀerentiation is commonly seen, and there
are several reports in which SCC in situ has been found
in the overlying epidermis [61]. LELCS can often be quite
diﬃcult to identify microscopically, due in large part to
the morphologic similarities between atypical keratinocytes
and the surrounding lymphocytic inﬁltrate. The use of
immunohistochemical staining, in particular the cytokeratin
stain AE1/AE3 (Figure 9(b)) and the epithelial membrane
antigen (EMA) stain, can be essential for correct diagnosis
[62].
11.AdditionalPrognosticFactors
The unique histopathological features seen in a given
SCC lesion are tremendously important in predicting its
malignant potential. There are several other critical features,
however, which may have equal if not greater prognostic
value and must be assessed when evaluating tumor risk.
These include tumor size and depth of invasion, degree of
diﬀerentiation, anatomical location, perineural, and perivas-
cular invasion, and immunosuppression [33]. These are not
necessarily mutually independent variables in that certain
histologic subtypes of SCC are strongly associated with a
speciﬁc set of secondary prognostic features. The primary
histological diﬀerences between low-grade and high-grade
SCC are summarized in Table 1.
Size and depth of invasion are perhaps the most impor-
tant determinants of the likelihood of tumor recurrence and
metastasis [33] .A sab r o a dr u l e ,t u m o r sl e s st h a n2c mi n
size will only rarely metastasize and are unlikely to recur
whereas those greater than 2cm in size pose a signiﬁcant
threat of metastasis and recurrence [63]. Similarly, tumors
that exceed 4mm in depth or Clark’s level III, showing
involvement of both the deeperlevels of the dermis as well as
the subcutaneous tissue, have a much more aggressive course
of action and over a seven-fold increase in the probability of
metastasis [64, 65]. Skin lesions greater than 8 mm in depth
or Clark’s level V pose such a signiﬁcant threat of metastasis
that nodal involvement and prophylactic node dissection
should be seriously considered [65]. As expected, SCCI,
which is derived largely from a superﬁcial precursor lesion,
is considered to be an indolent tumor. In contrast, SCC
with single cell inﬁltrates, which isdeﬁned predominantly by
dermal activity, is considered to be a more aggressive tumor
type.
The degree of histologic diﬀerentiation, as well as the
anatomic site of the lesion, will also play a role in SCC
evaluation and prognosis. Poorly diﬀerentiated tumors,
particularly from the ear or the lip, will be three times10 Journal of Skin Cancer
more likely to metastasize, and twice as likely to recur when
compared to tumors that are well diﬀerentiated [33]. Despite
this, the majority of metastatic tumors will be moderately to
well diﬀerentiated, highlighting the importance of assessing
all the prognostic factors in the evaluation of metastatic
potential [33].
Another essential component in assessing the malignant
potential of a tumor is the presence of perineural and
perivascularspread.Perineuralinvolvement(PNI)isthought
to occur in approximately 14% of all SCC tumors arising
on the head or neck [66], and is indicative of the inherently
aggressive nature of the tumor. Accordingly, tumors with
PNI will show a much greater likelihood of local recurrence
(23%) relative to those without (9%) [67]. They will also be
associated with a worse overall outcome, and a signiﬁcant
increase in the disease-speciﬁc mortality rate. Clinically, per-
ineuralinvolvementcanpresentasconventionalSCCwithan
associated numbness, facial muscle weakness, twitching, or
visual change. However,there are often no clinicalsymptoms
of nerve involvement, and PNI is most frequently diagnosed
microscopically [66, 67].
Similarly, invasion of capillary lymphatics signiﬁes a
more aggressive tumor nature and is correlated with an
increased incidence of metastases, local recurrence, and
disease-speciﬁc death [67]. Additionally, SCC metastasis
occurspredominantlyvialocallymphaticsandoftendeposits
inthelymphnodesoftheneck[68].Althoughinvasion tends
to remain localized to regional nodes, prognosis remains
extremely poor with only a 34.4% cure rate [33].
Histopathologically, PNI and perivascular invasion will
appear as an overlying SCC with atypical tumor cells which
havepenetrated the nerve orvascular tissue (Figure 10). This
can present in a variety of diﬀerent invasion patterns, most
frequently involving a complete encircling of the nerve or
vessel by tumor cells. An incomplete, crescent-like pattern of
atypical cells is also commonly seen. Occasionally, tangen-
tial contact, permeation, and lamination can be observed.
Invasion almost always occurs contiguous to the main body
of the tumor; however, it has been known on occasion
to aﬀect more distant nerve and vascular sites. Usually,
tumor cells arranged in solid or sheet-like patterns are less
invasive, andwill pass around thenerveorvessel. Incontrast,
individual tumor cells will generally penetrate and track
along associated structures [66, 67].
Finally, hostimmunosuppression cangreatlyincrease the
likelihood of SCC development, recurrence, and malignant
spread [69–72]. Suppression may be due to an underlying
malignancy, the active use of immunosuppresive agents
during transplant therapy, or infection with HIV. In fact,
NMSC is considered to be one of the most common
side eﬀects of long-term immunosuppressant use seen in
transplant recipients. Unlike the general population, these
patients are more likely to present with SCCs than BCCs
[73, 74]. These lesions will typically emerge on the sun-
exposed surfaces of the body, and will be found more
frequentlyinpatientswith historiesofsunexposure [75]an d
HPVinfection[76].Immunosuppressed patientswill usually
present with multiple SCC lesions, and while the risk of each
individual lesion metastasizing is not markedly elevated, the
presence of so many will have the eﬀect of increasing the
overall risk of metastasis [77, 78].
Several methods of treatment exist for SCCs, most of
which have been shown to be extremely eﬀective in the
management of these lesions. These include cryotherapy,
curettage, electrodesiccation, radiation, surgical excision,
and Mohs micrographic surgery [33].While most non-Mohs
modalities have equalcure rates for low-risk, indolent SCC’s,
they have relatively poor outcomes when dealing with more
aggressive tumors [33]. Mohs micrographic surgery remains
the treatment of choice for SCC lesions associated with any
high-risk prognostic factor. Whenthis therapy is not suitable
for use, as is often the case with tumors located on the face,
radiation and chemotherapy prove to be viable alternatives.
12.Conclusions
SCC’s are often considered to be a single class of lesions
associated with relatively benign outcomes and a low risk
of metastasis. However, these lesions can show dramatic
histopathological diversity and are associated with a wide
diversity of clinical outcomes. The ability to identify SCC
variants with divergent clinical behaviors is of great impor-
tance in the assessment of tumor risk. To this end, we
have provided a detailed and descriptive outline for the
histological distinction of the most commonly encountered
SCC lesions, highlighting those variants which will be
associated with more aggressive behaviors and a worse
clinical prognosis. The majority of SCC lesions will begin
as noninvasive precancerous neoplasms, which arise as a
direct result of excessive sun exposure. SCC precursors
include both AKs and SCC in situ (Bowen’s disease). These
lesions will progress and evolve to give rise to SCCI, as well
as several rare subtypes including clear-cell SCC, spindle
cell SCC, and SCC with single cell inﬁltrates. Additionally
variations of SCC which are unrelated to solar exposure
include de novo SCCs, VCs, and LELCS. In particular, SCC
with single cell inﬁltrates as well as de novo SCC will
show more aggressive patterns of behavior. Additionally,
large tumors which are poorly diﬀerentiated and show
deep inﬁltration into the dermis and subcutaneous tissues
will be associated with a higher likelihood of recurrence
and metastases. Understanding how to diﬀerentiate between
these variants of SCC microscopically, with the additional
beneﬁt of immunohistochemical staining, will enable a more
informedandtimelyselectionoftreatmentoptions,ensuring
the best possible results for the patient.
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